Primary mesenchyme cell migration in the sea urchin embryo: distribution of directional cues.
The directional migration of the primary mesenchyme cells (PMCs) of the sea urchin embryo is a critical step in the process of gastrulation. Although interactions between the migrating cells and the blastocoel environment are necessary for guiding the PMCs to their subequatorial target site, the nature of these interactions and the localization of guidance cues involved in directing the cells are not yet known. Previous studies have suggested that PMC migration is the result of random exploration and selective trapping at the target site by a pattern of adhesiveness in the ectoderm or basal lamina. To better characterize the distribution of guidance cues in the blastocoel we used a combination of time-lapse microscopy, microsurgery, and fluorescence photoablation to study the behavior of the migrating cells. By using fluorescence time-lapse microscopy, and a two-dimensional random-walk analysis of cell trajectories, we demonstrated that fluorescently labeled PMCs injected near the animal pole move in a directed fashion over a relatively long distance to reach the target site. This suggests that guidance cues are distributed globally throughout the embryo and are not restricted to the immediate ring area. To further test this hypothesis we investigated the migratory behavior of PMCs that were prevented from interacting directly with the target site. First, we examined the behavior of PMCs injected into animal embryo fragments lacking the target site. We found that PMCs move to the vegetal-most area of such embryo fragments, regardless of their size. Second, we studied the effects of photoablating a stripe of ectoderm between PMCs injected at the animal pole region (APR) and the target site. PMCs were found to accumulate along the ablated stripe and were unable to cross it for up to 6 hr after ablation. We also examined the migratory behavior of endogenous PMCs in embryos treated with lithium, a vegetalizing agent which shifts the position of the PMC ring toward the animal pole. We found that PMCs accumulated along an ablated stripe of ectoderm positioned below the shifted target site, suggesting that endogenous PMCs follow a set of directional cues to the target site which may be similar to those used by PMCs injected into the APR. As a whole, these results suggest that migrating PMCs follow a set of directional cues that are widely distributed throughout the blastocoel and that may be arranged in a gradient.